The swimming layer is one of the important factors to get maximum catches, especially on tuna longline effort. The vertical abundance of the albacore tuna was investigated based on catch data and 3 -DINDESO Ocean Model data, such as sub-surface conditions of sea water potential temperature (Temp), salinity (Sal) and mass concentration of diatoms and flagellates expressed as chlorophyll (Chl) in the Eastern Indian Ocean period 2014-2015. Combining the statistical method of generalized additive model (GAM) was performed to analysis in this study. There were seven GAM models that generated with the number of ALB vertical abundance as a response variable, and Temp, Sal, and Chl as predictor variables. Sal has highly significant (P < 0.001) while Chl and Temp significant (P < 0.01) to ALB vertical abundance. Deduced from GAMs, indicated that a negative effect of Sal on the number of ALB was observed at salinity >34.52 psu. There was a positive effect of salinity on the number of ALB, which was from 34.30 to 34.47 psu and Chl showed a positive effect of this variable on the number of ALB caught occurred between 0.01 mg/m 3 and 0.12 mg/m 3 in the region of high confidence level where negative effect on > 0.13 mg/m 3 . While ALB catches abundance varied in the temperature range with the highest frequency at 24.0-24.9°C. Sal was the most important environmental variable to the number of ALB vertically caught, followed by Chl and Temp.
INTRODUCTION
Albacore tuna (Thunnus alalunga) called ALB, is one of the main target species of the commercial tuna fishery. It is a highly migratory, widely distributed species in the temperate and tropical waters of all oceans and the Mediterranean Sea (Collette & Nauen, 1983; Yeh et al., 1996; Nishida & Tanaka, 2008; Wu et al., 2009 ). In the Indian Ocean ALB was caught almost exclusively under drifting longlines (98%) with remaining catches recorded under purse seines and other gears (IOTC, 2007; Nishida & Tanaka, 2008) . According to Schaefer (2001) , ALB is considered one of only four tuna species being truly migratory and undertaken seasonal migrations to specific feeding and spawning areas (along with southern, Pacific and Atlantic Bluefin tunas). In Indian Ocean ALB is distributed following a north-south seasonal migration. Immature fish were mainly distributed in areas south of 30 0 S and matures concentrated between 10 0 S to 25 0 S, where oceanographic conditions preferred by different developmental stages of ALB in the Indian Ocean were compatible with the Pacific Ocean (Chen et al., 2005) . ALB, being negatively buoyant in seawater, must swim continuously to maintain their position in the water column (Dotson, 1976) , due to the swimming layer as one of the important factors to get maximum catches, especially on tuna longline effort. The different characteristic of those oceanographic variabilities each water column influences on fish distribution. Fish will choose a more suitable habitat for feeding, shelter, reproduction and migration (Palacios et al., 2006) .
According to Irianto et al. (2015) , the national catch of ALB was slightly decreased for 8 % in 2014 compare to 2013 catch. Although the Indian Ocean is one of Ind.Fish.Res.J. Vol.22 No.1 June 2016:17-26 the most productive fishing grounds and has a long history of tuna exploitation, little is known about the oceanographic conditions affecting the distribution and abundance of ALB in those waters. Previous studies showed that environmental factor is the most important parameter ALB abundance in the Indian Ocean (Lan et al., 2012; Chen et al., 2005 , Sukresno et al., 2014 , Arrizabalaga et al., 2015 , but the related literature of ALB in the Indian Ocean is scarce in comparison with other oceanic basins like the Atlantic and Pacific Oceans.
Generalized additive modelling (GAM) (Hastie & Tibshirani, 1986 ) is one such method which provides an objective way for the prediction of species abundance based on the known ecology over a large geographic area. It is a semi-parametric approach which can predict non-linear responses to selected predictor variables. Previous studies showed that GAMs can explain the fisheries data and environmental variables and enhance our understanding of ecological systems (Zainuddin et al., 2006 (Zainuddin et al., , 2008 (Zainuddin et al., , 2013 Song et al., 2009 Song et al., , 2010 Syamsuddin et al., 2013; Setiawati et al., 2015; Solanki et al., 2015) .
The current work investigated the relationships among the vertical abundance of ALB, sub-surface conditions of sea water potential temperature (Temp), sub-surface conditions of salinity (Sal) and subsurface mass concentration of diatoms and flagellates expressed as chlorophyll (Chl) in each hook depth of ALB caught.
MATERIALS AND METHODS Study Area
The study area in the Eastern Indian Ocean (EIO) was from -14 0 S to -2 0 S and 92 0 E to 121 0 E (Figure 1 ). This area is a highly productive region, the EIO that comprises extensive fishing grounds because of that so many Indonesian longline fleets operated throughout the year in this location. Figure 1 . The study area in Eastern Indian Ocean (EIO).
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Fishery Data
Data sets for ALB catch from January 2014 to December 2015 were used to investigate the relationship between ALB abundance with vertically oceanographic parameters in the EIO. The daily ALB fishing was based on the number of branch line longline fishing gears,fishing effort and fishing position in latitude and longitude obtained from scientific observer program RITF (Research Institute for Tuna Fisheries) from 10 longline fishing operation. These data were extracted to obtain the geographic information where the ALB were caught, time when the fishing operation and number individual ALB which caught on each branch line of longline fishing gears corresponding on the depth of ALB caught.
Hook Depths Estimation
In the measurement of depth of the hook, there are many factors which affect, among other things: the amount of basket that is used, total length of the main line, length of branch line, length of float line, the speed of the mainline thrower to speed of vessel, total time for settings and current factor as a correction factor. The depth of the hook can be estimated using the formula Yoshihara (1951) referred in Suharto (1995) as follows:
... (1) where, D : The depth of j th hook (for each basket, the two hooks closest to the floats are both The relationship between the value of K, ó and ó Cotg2 can be seen in Table 1 . 
Environmental Data
The physical and biological parameters included Temp, Sal and Chl, were used to describe the oceanographic conditions at and around the ALB fishing grounds. The units of Temp, Sal and Chl, were o C, psu and mg/m 3 , respectively. This data obtained from the 3-D INDESO Ocean Model (www.indeso.web.id) with a horizontal resolution of 1/ 12°and 50 vertical layers with increased resolution near the surface. Both daily Temp and Sal derived from INDO12 physical model (Tranchant et al., 2015) . A daily Chl, according to the mass concentration of diatoms (DCHL) and flagellates (NCHL), derived from INDO12 biogeochemical model (Gutknecht et al., 2015) . All the environmental variable have the same period with the fishery data and were matched corresponding to the positions (latitude and longitude) and the depth of ALB caught in monthly average.
Generalized Additive Modeling
Sub-surface ALB abundance and environmental data were then compiled over the 2014-2015 period on a 1 x 1 0 spatial grid each depth of ALB caught with monthly temporal resolution. GAM models were used to assess the influence of environmental variables on potential ALB abundance. The advantage of this statistical model is that it allows for analysis of nonparametric relationships and extends the use of additive models to data sets that have non-Gaussian distributions, such as Binomial, Poisson, and Gamma distributions. GAM model was created in R Studio version 3.0.2 software (R Core Team, 2015) , using the gam function of the 'mgcv package' (Wood, 2006) , with the number of ALB as a response variable and Temp, Sal and Chl as predictor variables. GAM models in the form of Eq. (1) were applied:
where g is the link function, ìi is the expected value of the dependent variable (number of ALB), á 0 is the model constant, and ƒ n is a smoothing function of the X n (which corresponds to the environmental variable in this study) (Wood, 2006) .
The number of ALB caught data distribution was right skewness. Hence, to reduce right skewness, logarithmic transformation was applied. The number "1" was added to the number of ALB caught before log-transformation to avoid the singularity of low values for ALB. Seven models were constructed from the simplest form by using only one independent variable (i.e., Temp, Sal and Chl) and combinations of variables (i.e., Temp + Sal, Temp + Chl, Sal + Chl, and Temp + Sal + Chl) as listed in Table 2 . For example, X 1i correspond to Temp in model 1; in model 7, X 1i corresponds to Temp, X 2i corresponds to Sal, and X 3i corresponds to Chl. These models were evaluated based on the significance level of predictors (P-value), deviance explained (DE), and the Akaike information
Ind.Fish. Res.J. Vol.22 No.1 June 2016: criterion (AIC) value (Mugo et al., 2010) . AIC and DE were used to determine the best model. The smallest value of AIC and the highest value of DE were selected as the best model. As a reference, the parameters of the estimated degrees of freedom (EDF) are also listed in Table 2 . The predicted number of ALB was compared with the observed number using linear models. The optimal values of each predictor variable (Temp, Sal, and Chl) determined by GAM were used as main parameters to explain vertically abundance of ALB in EIO. Table 2 . GAM models used in this study and obtained values for P-value, percent DE, AIC value, and DF, respectively (N = 188).
RESULTS AND DISCUSSION
Results
Vertically Distribution of ALBand Average Temporal Variability
The majority of the fishing operations were conducted using longline gear type depth longline which consisted of 15 -17 hook per basket ( Figure  2 ). Vertical distributions are divided into 6 layers of depth of water, this was done based on the depth of fishing gear longline which used for ALB can reach at least depth of 400m. Based on the calculation of Yoshihara formula, vertical distributions ofALB caught each branch line from about depth of 50-400 meters, were mostly at a depth of 51-100 and 151-200 meters (Figure 3) . Figure 4 shows the average temporal variability of number of ALB catches in the northwest (OctoberMarch) and southeast monsoon (April -September) from 2014 to 2015. The temporal variability of number of ALB caught throughout the year was very similar.
The numbers of ALB caught tended to be high in MayJune and decreased during July to August when southeast monsoon occurred. While during northwest monsoon the of numbers of ALB caught tendend to be stable and not too much variability. 
Distribution of Number of ALB Caught and Environmental Data
The distribution of number of ALB caught and the preferable environmental factors for ALB distribution can be distinguished by using the histograms shown in Figure 5 
GAM Achiement
Prior to examining the relationship between the ALB catches and environmental variables, the relationship between number of ALB caught and environmental variables was examined. Table 2 lists the model variable, P-value, DE, AIC, and DF for some models. The predictor variables were significant (P < 0.01) only in model 4 and 6 for Temp and Chl respectively, while for Sal variable were significant (P <0.01) in model 2 and 7, where Sal has highly significant (P < 0.001) occurred in model 4 and 6. High significance was indicated from the lowest AIC and the highest DE. DE has the same meaning as the determination value in the linear regression. Sal showed the highest DE among the single-parameter models. Models developed from two parameters (i.e., model 6) has the lowest AIC values and the highest Ind.Fish.Res.J. Vol.22 No.1 June 2016: DE, which indicated that the combination of two parameters generated the best models. Figure 6 shows GAM plots developed to interpret the individual effect of each predictor variable on the number of ALB. A negative effect of Sal on the number of ALB was observed at salinity >34.52 psu. There was a positive effect of salinity on the number of ALB, which was from 34.30 to 34.47 psu. ALB appeared to prefer low saline waters, current system was the cause of low salinity bands in the areas between 10 0 S and 20 0 S. As a result, the average range of Sal in the Indian Ocean is not to wider in study area. A GAM plot of Chl showed a positive effect of this variable on the number of ALB caught occurred between 0.01 and 0.12 mg/m 3 in the region of high confidence level where negative effect on > 0.13 mg/m 3 . The lower concentrated of Chl according to positions ALB caught. 
Discussion
ALB can be classified as being a typical temperate tuna, and a typical case of highly migratory species (as bluefin and southern bluefin), doing "real" yearly extensive seasonal migrations at all ages of its life: feeding as well as spawning migrations. This species is probably also showing a homing behavior (when the adult come back in due time to the area where they were born) taking into account the apparent quite small sizes of its spawning strata (Fonteneau, 2004) .
Based on spatial distribution analysis ALB were mostly found in the depth around 151 -200 m (Fig.  3 ). This result was almost similar with Domokos et al. (2007) , who was mentioned that ALB spend most of their time between 150 and 250 m during the daytime and between 0 and 200 m during the night-time, at depths coinciding with those of small local maxima in micro-nekton biomass whose backscattering properties are consistent with those of the preferred prey of ALB. Williams et al. (2014) The effect of environmental conditions, deduced from GAMs, indicated that environmental variables influenced the numbers of ALB caught vertically. Sal (salinity) was more important than Chl (chlorophyll) or Temp (temperature) in the study area. This was indicated by Sal having the highest DE and lowest AIC in all models. In addition Salinity plays an important role for phenomenon identification of upwelling and downwelling. Wardani et al. (2014) stated that the movement of salinity with higher concentrations toward the shallower depths as an indication of the upwelling phenomenon, while the movement of salinity with higher concentrations toward a deeper depth as an indication of downwelling phenomenon. Due of this phenomenon allegedly can affect ALB abundance and related indirectly through affecting the distribution and abundance from the their prey. In this study it showed ALB catches increased in areas with relatively high Sal (34.30 to 34.47 psu) and decreased in the areas with Sal > 34.52 psu. Different result of previous research shows that most ALB were caught at salinity > 34.6 psu (e.g. Roberts, 1980; Chen et al., 2005; Arrizabalaga et al., 2015; Novianto, 2016) . Different results between this study and previous study are allegedly time period to analysis, fisheries data classification method and environmental variables data.
Chl (Chlorophyll) was the second most significant oceanographic predictor of vertically of ALB abundance in the study area. Based on the model output, the mass concentration of diatoms and flagellates expressed as chlorophyll. There was evidence that highest abundance of Chl is very close to surface and decreased according deeper waters. Chl is an index of phytoplankton biomass that provides valuable information about trophic interaction in marine ecosystem (Wilson et al., 2008) , and they are a valuable proxy for water mass boundaries and upwelling events. On upwelling area, an ascension of subsurface layer to surface layer will enrich surface nutrient, which in turn will increase primary productivity and may attract various prey sources. Hendiarti et al. (2005) stated that in term of food availability, the process can attract higher trophic level organism to appear on upwelling area, while upwelling areas are potential convergence zone for plankton aggregation, attracting larger predators, such as tuna (Lehodey et al., 1997) .
This study showed that ALB catches increased in areas with relatively low Chl (0.01 and 0.12 mg/m 3 ) and decreased in the areas with Chl > 0.13 mg/m 3 . Low Chl indicated that mostly ALB caught on the deeper waters. Xu et al. (2013) revealed that CPUEs of ALB is high at low chl-a levels (0.14mg/m 3 ) and generally decreases with higher chl-a concentrations. However, at very high chl-a concentrations (>20mg/ m 3 ), CPUE apparently increases to relative high levels, but relatively few observations were made at these chl-a levels. Yang et al. (2014) indicated that according to integrated habitat index (IHI) ALB foraging preference should be 160~240 m water layer and generally between 160 and 200 m, where chlorophyll data used as part of IHI data component. According to Arrizabalaga et al. (2015) , relatively low Chl waters are preferred by ALB and can tolerate a wide range of Chl values. Chen et al. (2005) mentioned that for immature ALB, high CPUE records correspond with higher values of chlorophyll concentration. Studies have shown that water color is an index of higher primary production, which may attract aggregations of fish. This may be especially true for feeding schools of immature albacore.
Among three environmental predictors used in the model, temperature was the least important, but was still statistically significant (P < 0.01) in model 4 (Table  2) . Monthly average of sub-surface temperature was found tend to vary from January to December. Qu et al. (2005) , stated that sub-surface temperature in the Indian Ocean was influenced by monsoon. In addition temporal distribution of sub-surface temperature in Indian Ocean part South of Java was warmer in northwest monsoon than in southeast monsoon (Sukresno et al., 2014; Hartoko, 2010) . The current study showed that ALB catches varied in the temperature range with the highest frequency at 24.0-24.9 0 C. Different result from Sukresno et al. (2014) , in the same region concluded ALB were found with optimum temperature between 17 -21 0 C, where ALB avoids waters below 14 ºC (Arrizabalaga et al., 2015) . Meanwhile Zainuddin et al. (2011) , in the western North Pacific Ocean indicated that the highest concentrations of ALB were found in water of 18.5 -21.5 ºC and tended to be centered at 20 ºC. Williams et al. (2014) 
CONCLUSION
This work provides evidence for environmental conditions can affect ALB abundance variability. Out of three environmental variables used in combining the statistical method of generalized additive model (GAM), salinity has a significant contribution to the abundance of ALB in the study area. Seven GAM models were generated with the number of ALB vertical abundance as a response variable. A negative effect of salinity on the number of ALB was observed at >34.52 psu and the positive effect from 34.30 to 34.47 psu. In future work, increasing the number of predictor environmental variables with the high temporal resolution may improve the model of ALB abundance. 
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